The self-assembled monolayers (SAMs) of organic molecules on metal surfaces have been studied extensively in recent years. [1] [2] [3] [4] Both carboxylic acids and thiols are known to be adsorbed on Ag surfaces forming well packed monolayers; 5, 6 however, the competitive adsorption of thiols and carboxylic acids on Ag has not been reported much. 7 To find out which group would be adsorbed preferentially on Ag surface when both thiol and carboxylic acid groups were present in the same molecule, we chose a bifunctional molecule, mercaptoacetic acid as the probe because it is the simplest molecule that contains both groups. Since the molecule has only one methylene unit, it would not have any interchain stabilization of the monolayer. The interaction between a head group and a metal substrate would be the main factor that controls the formation of the monolayer. We assume that the intermolecular hydrogen bonding which has been reported for a monolayer of ω-mercaptocarboxylic acid on gold 8 would also affect some influence in monolayer formation on silver if the carboxylic acid group is a tail group. Since silver powder was used as substrate for monolayer, we used FTIR diffuse reflection spectroscopy as a characterization tool which has been successfully applied for the similar purpose before and the experimental details was similar to the previous report. 7, 9 Depending on the adsorbing group, the monolayer would have one of the three structures shown in Figure 1 . The Figure 1 (a) shows that the molecule is adsorbed as a carboxylate. This type of adsorption was observed for the monolayers of n-alkanoic acids on Ag surface. 5 Various thiols are adsorbed on Ag surfaces as a thiolate such as shown in Figure 1 (b). 6 Another possibility is the structure with both thiol and carboxylate of the same molecule attached on the Ag surface as shown in Figure 1 (c). Since mercaptoacetic acid has both groups, it could be adsorbed on Ag surface as one of the structures in the Figure or as the mixture of these structures. Figure 2 (b) shows the diffuse reflection spectrum of mercaptoacetic acid monolayer on Ag powder along with the transmission spectrum of the same molecule in liquid phase shown in Figure 2 (a). Peak positions for specific vibrational modes were compared with previously reported values. 9, 10 Because the usual surface selection rule that applied to flat metal surfaces 11 was observed for the surface of metal powder, 9 the vibrational modes of dipole parallel to the surface would vanish but those perpendicular to the surface would increase in the spectrum. In the liquid spectrum of a randomly oriented molecule shown in Figure  2 (a), we observed the strong ν (C=O) band at around 1720 cm −1 as well as weaker absorption bands at 1415, 1292, 1203, and 1159 cm −1 . In the monolayer spectrum shown in Figure 2 (b), we noticed the appearance of ν as (CO 2 − ) band at 1560 cm −1 and ν s (CO 2 − ) band at 1381 cm −1 , which implied that some of the acid molecule is ionized during the formation of a monolayer. Shifts of other peaks were also observed such as ν (C=O) band from 1720 to 1693 cm −1 . It indicates the intermolecular hydrogen bonding of the carboxylic acid tail groups. Otherwise, the frequency for ν (C=O) would be increased due to the breaking up of dimer structures of carboxylic acids. The presence of the peaks corresponding to ν (C=O) and ν as (CO 2 − ) strongly supports the monolayer has the structure shown in Figure 1(b) . The carboxylic acid was known to be adsorbed on Ag as carboxylate after deprotonation. 5, 6 If the monolayer of mercaptoacetic acid existed as the structure shown in ) modes parallel to the metal surface no matter what the tilt angle is, therefore the peak at around 1560 cm −1 corresponds to that mode would not show up in the spectrum. Because the two oxygen-carbon bonds in the Figure 1(a) and Figure 1 (c) are equivalent, ν (C=O) mode at around 1693 cm −1 and ν (C-O) mode at around 1189 cm −1 would also vanish. The presence of these peaks in the monolayer spectrum of mercaptoacetic acid proves that the monolayer exists as structure (b) in Figure 1 .
To assure that the molecule was adsorbed with a thiol group on Ag, we made a monolayer of sodium mercaptoacetate. Figure 2(d) shows the diffuse reflection spectrum of sodium mercaptoacetate self-assembled on Ag powder. For comparison, we also showed the spectrum of the same molecule diluted with KBr powder on Figure 2 (c). Figure  2(d) shows that the monolayer spectrum is very similar to the KBr spectrum of the molecule. In our previous experiment, normal carboxylic acid and its sodium salt produced the same monolayer. This means that if the carboxylate group were adsorbed on Ag as the head group, the structure of the resulting monolayer would be the same as that shown in Figure 1(a) . In this case, only νs(CO2 − ) band at around 1400 cm −1 would have been observed as discussed above. However, the monolayer spectrum in Figure 2 (d) clearly show a peak at 1603 cm −1 , which is assigned as νas(CO2 − ) mode. The presence of this peak supports that the thiol group of mercaptoacetate is adsorbed as the head group on Ag powder. The exact peak position of this νas(CO2 − ) mode is known to be very sensitive to the degree of hydrogen bonding of carboxylic group. 12 Small amount of ionized carboxylate among carboxylic acids in Figure 2 (b) would be more hydrogen bonded than that of Figure 2(d) , which would cause the absorption at lower frequency. Compared to the spectrum in Figure 2(b) , the disappearance of ν (C=O) peak at 1693 cm −1 and ν (C-O) peak at 1189 cm −1 was observed, which resulted from the deprotonation of carboxylic acid.
If the carboxylic acid group were the tail group of the adsorbed molecule, the exposed carboxylic acid group would show the acid-base behavior depending on the environments. To confirm this, we soaked the Ag powder covered with a monolayer of mercaptoacetic acid in aqueous 0.5 M sodium hydroxide solution for a few minutes, filtered, rinsed with absolute ethanol, and dried. When we took the DRIFT spectrum of the treated monolayer, it was the same as that of sodium mercaptoacetate as shown in Figure 2(d) . It means that the proton of carboxylic acid is removed to leave carboxylate on the surface. We also tried the same experiment in reverse order. The peak positions and the absorption intensities of the resulting spectrum were almost the same as that shown in Figure 2(b) , which indicates the protonation of the most carboxylates. This is illustrated in a scheme shown in Figure 3 . This acid-base behavior is another evidence of carboxylic acid groups as a tail group in a monolayer.
From the above experiments, we clearly showed that the thiol moiety of mercaptoacetic acid was adsorbed on Ag powder exposing the carboxylic acid group on the surface. Experiments with longer alkyl chains are also on the way to show the interchain interaction effect on a competitive adsorption. 
